Summary This study was undertaken to investigate the effects of isoenergetic and increased amounts of egg white protein one hour before a run on the changes in the postexercise blood biochemistry and the rating of the perceived exertion (RPE). Twenty-four male distance runners were divided into four groups. Venous blood samples were collected at three time points: just before the experiment (Pre), just after a 12,000 m run (Post 0 h) and one hour after the run (Post 1 h). After the first blood sampling, each participant consumed one of the four isoenergetic supplements (86 kcal); 0 g, 5 g, 10 g, or 20 g of egg white protein. The blood glucose, free amino acid, and branched chain amino acid (BCAA) levels in the 0 g, 5 g, and 10 g protein groups were higher at Post 0 h than at Pre. The pre-exercise intake of the 20 g protein group showed the smallest changes in the blood biochemicals. The RPE scores were significantly higher at Post 0 h, and did not vary among the four protein groups. Accordingly, the pre-exercise carbohydrate intakes significantly altered the postexercise blood biochemisty findings, but the pre-exercise protein intake did not. Furthermore, the changes in the RPE scores in our present study were not explained by changes in the serum free tryptophan or the BCAA levels, and an increased dietary intake of egg white protein might not prevent post-exercise increases in the RPE scores. Key Words egg white protein, isoenergetic intakes, male runners, RPE, cortisol Various carbohydrate (CHO)-protein supplements containing 10 to 20 g of protein are currently being sold in Japan. Several studies have reported that CHOprotein supplements cause significant improvement in the time to fatigue and a reduction in muscle damage in endurance athletes ( 1 -6 ). However, few studies have reported regarding the level of the pre-exercise intake of proteins that significantly affects either the onset of central fatigue or the homeostasis of blood biochemistry after exercise.
Various carbohydrate (CHO)-protein supplements containing 10 to 20 g of protein are currently being sold in Japan. Several studies have reported that CHOprotein supplements cause significant improvement in the time to fatigue and a reduction in muscle damage in endurance athletes ( 1 -6 ) . However, few studies have reported regarding the level of the pre-exercise intake of proteins that significantly affects either the onset of central fatigue or the homeostasis of blood biochemistry after exercise.
Several factors that cause peripheral fatigue during exercise have been identified, one of which is a change in the brain's 5-hydroxytryptamine (5-HT) level ( 7 -10 ) ; an increase in the ratio of free tryptophan (unbound to albumin, Trp) to branched chain amino acids (BCAA) and/or in the amount of Trp uptake by the brain which might contribute to the increased synthesis of 5-HT in the brain during endurance exercise. BCAA ingestion increases the BCAA concentration in the serum, reduces both the Trp uptake by the brain and 5-HT synthesis, and thereby delays mental fatigue (by preventing an increase in the rate of perceived exertion (RPE)) ( 7 -10 ) . In some situations, BCAA intake improves physical performance ( 8 ) , thus suggesting that the ingestion of BCAA during endurance exercise delays fatigue. It is interesting to note that egg white protein contains 22 g of BCAA/100 g ( 11 ) , and is one of the most important BCAA derivatives in our daily dietary lives. Although there are some studies on whey ( 12 ) , milk ( 13 ) and soy ( 14 ) as sources of dietary protein for prolonged exercise, no detailed information is yet available on egg white proteins which contain well-balanced essential amino acids (EAA) ( 11 ) .
Furthermore, for a better understanding on the effects of protein supplementation on metabolism during prolonged exercise, experiments should be conducted using total calorie-matched beverages. Ivy et al.
( 1 ) estimated the effects of 15.5 g CHO and 15.5 g CHO-3.88 g protein supplement intake on cycling performance for more than 3 h. Saunders et al. ( 3 ) estimated the time to fatigue, RPE, blood glucose (BG), blood lactate, and the post-exercise muscle damage when a 26 g CHO-6.5 g protein beverage and a 26 g CHO-only beverage was consumed during exercise (355 mL) and immediately after exercise. These studies estimated whether the addition of proteins to a CHO beverage improved the performance in comparison to a CHO beverage; however, the effect of dietary protein intake on an endurance performance, blood biochemistry, and exercise fatigue was not examined under their experimental conditions, because the addition of proteins to a CHO beverage produced more energy intake in the participants in comparison to a CHO beverage. Saunders et al. ( 3 ) reported that beverages matched for CHO content resulted in 20% more total energy intake per administration in a CHO-protein beverage. Accordingly, in order to estimate the effect of dietary protein on metabolism during exercise, it seems likely that the total energy intake in the CHO-protein beverages has to be equal to the total energy intake in the CHO beverage.
Furthermore, Tipton ( 15 ) examined the response of muscle protein balance to the ingestion of 20 g of whey protein both before and after a resistance exercise. On the other hand, the Japanese Dietary Reference Intakes (DRIs) for 2005 ( 16 ) specify that the recommended dietary allowance of dietary protein for healthy individuals aged 18 y and older is 60 g, and the tentative dietary goal of the BCAA supplements is 10-30 g ( 17 ) . Since the DRIs cover protein losses with margins for inter-individual variability and protein quality, it is important to maintain intake levels according to these values ( 16 -19 ) . With respect to supplementation time, Tipton et al. ( 20 ) examined whether the consumption of an oral EAA-carbohydrate supplement before resistance exercise resulted in greater anabolic responses than after exercise; they reported that the amino acid delivery was significantly greater in the pre-exercise group than in the post-exercise group.
Therefore, in our present study, we examined the effect of an increased pre-exercise intake of egg white protein supplement matched for total calories with CHO, on the post-exercise blood biochemistry, and determined whether a post-exercise increase in the RPE scores was inhibited by the supplementation of an increased intake of egg white proteins.
SUBJECTS AND METHODS
Subjects. Twenty-four male long-distance runners with the following characteristics were recruited for this study: 20.2 Ϯ 0.3 y in age (mean Ϯ SE), 171.7 Ϯ 1.2 cm in height, 57.0 Ϯ 0.9 kg in body weight (BW), 7.7 Ϯ 0.8% in body fat percentage, 60.4 Ϯ 1.9 mL/kg BW/min in maximum oxygen consumption ( O 2 max) for cycling and 621.1 Ϯ 20.0 km in monthly running distance. The participants trained at least four times per week for more than 2 h per day and had participated in endurance training for 6 to 9 y. The height and body weight were measured using a WB-510 Digital Scale (Tanita Co., Tokyo, Japan). The body fat percentages were determined by a bioelectrical impedance analysis (Muscle-␣ , 50 kHz, 500 A: Art Heaven Nine Co., Kyoto, Japan). At least 1 wk before the start of the experimental trial, an incremental cycle exercise test for volitional exhaustion was performed in order to determine each individual's O 2 max ( 21 ). The monthly running distance data for each participant were obtained from daily records kept over the course of one month. Before participating in the tests, the subjects were fully informed of the purpose and risks associated with the procedures, and their written informed consent was obtained. All participants were healthy, as assessed by a general health questionnaire. This study was approved by the Human Research Ethics Committee of Tokyo University of Agriculture.
Experimental design. The participants were randomly divided into four groups by stratification of their physical characteristics, such as O 2 max, monthly running distance, and their best 10,000 m running time. To establish the appropriate testing conditions, all participants were instructed to refrain from strenuous physical activity and the consumption of alcohol for 24 h before the experiment. On the morning of the experimental day, the participants were allowed to consume a standard breakfast between 7:30 and 8:00 a.m., which contained 1,263 Ϯ 61 kcal energy, 39.3 Ϯ 3.9 g protein, and 208 Ϯ 4 g carbohydrate. Thereafter, the participants were asked to rest until the first blood sample was drawn. After the first body weight was estimated at 9:40 a.m., the blood samples were taken and thereafter, each participant took one of four isoenergetic supplements, which contained different levels of egg white protein: 0 g, 5 g, 10 g, or 20 g. Thereafter, according to the procedure of de Sousa et al. ( 22 ) , they performed light warm-up and stretching exercises for 40 min before the beginning of the run. A single event of a 12,000 m run was started at 11:00 a.m. (Fig. 1) . The ambient conditions were as follows: outdoor dry temperature 31.2 to 33.3˚C, outdoor humidity 41.6 to 45.9%, and wet bulb globe temperature 34.7 to 38.0˚C from 11:00 a.m. to 12:00 p.m. During the 12,000 m run, the participants' mean pulse and running time/km were 167 Ϯ 26 (beats/min) and 3.25 Ϯ 0.05 (min/km), respectively. The metabolic stress induced by the exercise model used was confirmed by the elevated heart rate (~182 bpm) and the RPE (~18 on the 15-point Borg scale) ( 23 ) .
No food or water was available during the experimental period.
Experimental beverage. Four different amounts of the protein supplement (kindly provided by QP Corpora- tion, Tokyo, Japan), containing either 0 g, 5 g, 10 g, or 20 g of egg white protein with equivalent weights and energy levels (86 kcal), were used as experimental beverages (200 mL). The caloric differences were compensated for by adjusting the levels of granule-dextrin, with a caramel flavoring. The four supplements were delivered as dry powders in sealed packages, identified by code numbers to ensure blinding, and stored in a refrigerator until use. Before the 12,000 m run, each participant consumed one of the four experimental beverages.
Dietary assessment. The participants lived together in the same dormitory and had nearly the same diet for 6 d a week. For 3 d before the experimental days, the diets were controlled and were isoenergetic, isonitrogenous, and meat free. The participants' daily intake of energy, protein, carbohydrate, and fat were estimated using a food frequency questionnaire based on food groups (FFQg, Kenpakusha, Tokyo, Japan) ( 24 ) . The intake of the individual nutrients was calculated based on the Standard Table of Food Composition in Japan (5th edition).
Blood sampling and analysis. The venous blood samples were collected from an antecubital vein using a 21-gauge needle at the following three points in time: just before consuming the experimental beverage, between 9:40 and 10:00 a.m. (Pre), just after a 12,000 m run, between 11:40 a.m. and 12:00 p.m. (Post 0 h), and one hour after running, between 12:40 and 1:00 p.m. (Post 1 h). The RPE was measured at each of these three points in time.
The venous blood samples were collected from the seated participants using a standard venipuncture technique. A vacuum tube with no additives was used to collect the blood for the analysis of free fatty acids (FFA), insulin, cortisol, and free amino acids. A tube containing EDTA-2K was used to collect blood for the analysis of hemoglobin (Hb), hematocrit (Ht), and BG. Immediately after the collection, the tubes were placed on ice, and the tubes without additives were allowed to stand for blood clotting. The blood samples were transported to our laboratory for timely centrifugation. All samples were then stored at Ϫ 80˚C until an assay was performed. All blood analyses were performed by Medical Laboratory Systems (Kanagawa, Japan). For each analysis, all samples for a given individual were analyzed in the same run or plate of the assay. The BG and serum FFA concentrations were measured using the enzymatic method. The serum insulin and cortisol levels were quantified by radioimmunoassay and enzyme immunoassay, respectively. To determine the amino acid contents including 3-methyl-histidine (3-met-His), aliquots of each serum were de-proteinized with sulfosalicylic acid prior to the analysis using an automated, dedicated amino acid analyzer (L-8500; Hitachi High-Technologies Co., Tokyo, Japan).
The data on the serum and plasma components were corrected for changes in the plasma volume according to the method of Dill and Costill ( 25 ) .
Statistics. All data are presented as the means Ϯ standard errors (SE). An analysis of variance (ANOVA) with repeated measures on both factors (time ϫ protein group) was used to examine the differences in the physiological and metabolic responses using the SPSS for Windows program (version 14.0, Japan). When significant time effects were observed, a post hoc paired t -test with Bonfferoni correction was used. When significant group and interaction effects (time ϫ protein supplementation interaction) were observed, a post-hoc pointto-point comparison was performed using Tukey's honestly significant difference test. Significance was accepted at a value of p Ͻ 0.05.
RESULTS

Subject characteristics and daily dietary intake
The characteristics of the subjects are shown in Table  1 . There were no significant differences among the four diet groups in mean age, height, BW, body fat percentage, O 2 max level, or running distance. The energy and nutrient intake, as well as protein-energy, fat-energy, and carbohydrate-energy ratios, were similar among the four diet groups (Table 1) . Although no significant differences were detected by ANOVA, the subjects in the 20 g protein group were the leanest and had relatively lower intakes of energy and nutrients than did the subjects in the other protein groups. Protein supplementation showed no major effect on body weight, and no time ϫ protein supplementation interaction effect was observed. Statistically significant changes in BW were observed at the three time points as follows: weight decreased to 54.9 Ϯ 0.9 kg at Post 0 h from that at Pre (57.0 Ϯ 0.9 kg), while it remained unchanged at 55.0 Ϯ 0.9 kg during the subsequent hour (Post 1 h). There were no differences in BW among the subjects in the different diet groups throughout the study period. Time affected the RPE scores for all of the protein-administered groups ( p Ͻ 0.001), while no major protein effects or time ϫ protein supplementation interactions were observed. At Post 0 h, we observed a significant increase in the RPE scores at the different protein groups: 17.4 Ϯ 0.8 in the 0 g protein group, 17.2 Ϯ 1.1 in the 5 g protein group, 17.7 Ϯ 0.8 in the 10 g protein group, and 17.6 Ϯ 0.9 in the 20 g protein groups, whereas these scores at Pre were 11.1 Ϯ 0.6, 11.7 Ϯ 1.0, 12.1 Ϯ 0.5, and 13.3 Ϯ 0.6, respectively. Thereafter, the RPE scores were significantly lower at Post 1 h (13.0 Ϯ 0.6 in the 0 g protein group, 13.3 Ϯ 0.8 in the 5 g protein group, 11.9 Ϯ 0.6 in the 10 g protein group, and 13.1 Ϯ 1.0 in the 20 g protein group, respectively). 5 g, 10 g, and 20 g protein groups, respectively. These Hb and Ht levels were significantly higher at Post 0 h than at Pre. They remained the same from Post 0 h until Post 1 h in all four protein groups.
2) BG, FFA, insulin and cortisol concentrations.
The main effect of the time (pϽ0.001) and the main effect of the protein supplementation (pϽ0.05) were observed; however, no timeϫprotein supplementation interaction effect on the BG levels was observed. In the 0 g, 5 g, and 10 g protein groups, the BG levels were significantly higher at Post 0 h than at Pre (Fig. 2a) , while no such increase was observed in the 20 g protein group. Time exhibited a significant effect on the serum FFA, insulin, and cortisol levels ( Fig. 2b-d) . In summary, no significant changes in the FFA or insulin levels in any groups were observed between the Pre and Post 0 h levels. Thereafter, especially in the 0 g protein group, the FFA levels increased significantly, but the insulin levels decreased at Post 1 h. In addition, no time-based differences were observed in the FFA or insulin levels for any of the four protein groups. The cortisol levels remained unchanged both in the 0 g and 5 g protein groups throughout the study periods, and those levels in the 10 g and 20 g protein groups were significantly higher at Post 0 h than at Pre. Accordingly, the cortisol levels at Post 0 h were significantly higher in the 20 g protein group than in the 0 g protein group. The area under the curve (AUC) for the serum cortisol levels during the experimental periods tended to increase with increases in the protein intake: 58.7Ϯ5.7 g/dL/h in the 0 g protein group, 64.3Ϯ14.1 g/dL/h in the 5 g protein group, 67.3Ϯ12.2 g/dL/h in the 10 g protein group, and 72.0Ϯ7.5 g/dL/h in the 20 g protein group (pϭ 0.301).
3) Serum amino acid concentration. We observed that the time significantly affected the serum free amino acid concentrations, except in the case of glutamine (Table  2) . Protein supplementation showed no effect on the serum free amino acid levels, except for glutamate. We also observed that the time affected the levels of serum EAA, non-essential amino acids (NEAA), BCAA, Trp/ BCAA ratio, and aromatic amino acids (AAA) ( Table 3 ). The protein supplementation had no effect on EAA, NEAA, BCAA, or AAA, and no timeϫprotein supplementation interaction was observed. The serum concentrations of EAA, BCAA, and AAA in the 0 g, 5 g, and 10 g protein groups were significantly higher at Post 0 h than at Pre, with a significant decrease at Post 1 h, but these effects were not observed in the 20 g protein group. Although the time affected the ratio of Trp/ BCAA significantly, no time-based differences were observed in these ratios for any of the four protein groups.
Furthermore, the main effect of the time on the 3-met-His concentrations was observed; the 3-met-His concentrations in the 0 g and 5 g protein groups were significantly higher at Post 0 h than at Pre, and remained as such until Post 1 h. These levels showed no time-based differences in either the 10 g or 20 g protein groups (Fig. 3) .
DISCUSSION
The present study estimated the effect of a pre-run increased supplementation with 0 g, 5 g, 10 g, or 20 g of egg white protein on the post-run changes in the lev- b Significantly different from the Post 0 h within the same group (pϽ 0.016).
# Significantly different from the 20 g protein group at the same point in time (pϽ 0.05). els of BG, FFA, serum free amino acid, insulin, and cortisol in the heat, and determined mental fatigue as indicated by the RPE scores. As a result, the pre-exercise CHO-protein supplementation significantly changed the post-exercise levels of the blood biochemistry, and the pre-exercise intake with no carbohydrate in the 20 g protein group caused the smallest changes in the blood biochemistry findings. Although the RPE scores immediately after the exercise were significantly higher than those before the exercise, the RPE scores did not vary among the four protein groups. This suggested that the pre-exercise CHO intakes significantly altered the postexercise blood biochemistry, and increased dietary intakes of egg white protein might not prevent increases in the post-exercise RPE scores. Few reports have examined the effect of protein intake on the postprandial kinetics of dietary protein.
Recently, Lacroix et al. (26) investigated the postprandial kinetics of dietary nitrogen after the ingestion of 23.3 g of milk protein at rest in bed, and reported that hyper-aminoacidemia remained above the baseline at 8 h after the protein ingestion. Geboes et al. (27) estimated the combined measurements of gastric emptying, protein digestion, and orocecal transit time after the consumption of a pancake containing 12 g of fat, 27 g of carbohydrate and 19 g of protein by a healthy volunteer; they reported that the mean gastric halfemptying time was 90Ϯ36 min. These observations strongly suggest that the digestion of a diet including protein takes a long time. Tipton (28) reviewed the role of protein intake before exercise, thus suggesting that consuming intact proteins at 15, 30, 45, or 60 min before exercise may result in a greater anabolic response than immediately before exercise. Further- Values are expressed as the meansϮSE. Each group consists of 6 subjects. a Significantly different from the Pre levels within the same group (pϽ0.016). b Significantly different from the Post 0 h levels within the same group (pϽ 0.016). EAA: essential amino acids, NEAA: non-essential amino acids, BCAA: branched chain amino acids, AAA: aromatic amino acids. more, the pre-exercise food intake has been reported to sometimes induce gastric injury in endurance athletes (29, 30) . It is therefore important for sports scientists to understand how runners spend their daily training time and also to avoid disturbing their daily training programs. Based on these observations, in our present study, the runners completed a full menu of stretching for about 40 min before the run (22) ; special attention was given to the prevention of injuries while running (22) , and various amounts of egg white protein were consumed at about 1 h before the run.
The acute effects of a 7% CHO supplementation (4 mL/kg BW) on the heart rate, RPE, and metabolic and hormonal responses, 40 min before the beginning of the 12ϫ800 m run were evaluated by de Sousa (22); they reported that no significant changes were observed in the plasma insulin or FFA levels during the trials, the BG levels increased significantly during the run, and at 1 h after the recovery period, the FFA levels were significantly higher, and the BG and insulin levels were significantly lower in the CHO trial than those in the placebo trial. Thereafter, they suggested that some CHO pre-supplementation may have increased the concentration of exogenous glucose and reduced the utilization of glycogen stores, thus resulting in higher lipolytic suppression during exercise, and also stimulating the substrate availability (22) . The observations on BG, FFA and insulin corresponded well with our 0 g, 5 g, and 10 g protein groups. However, the BG, insulin, and free amino acid levels remained constant throughout the study period in the 20 g protein group, with no CHO. It seems likely that some CHO pre-supplementation may have affected the changes in the BG, FFA, and insulin concentrations either immediately after or 1 h after the exercise.
Bird et al. (31) examined the influence of 35 g liquid CHO and 6 g EAA ingestion during resistance exercise on the levels of blood biochemistry and reported that resistance exercise performed with only CHO ingestion or CHOϩEAA ingestion resulted in significantly elevated BG and insulin levels above the baseline during and/or 1 h after the exercise. They demonstrated that CHOϩEAA ingestion during the exercise bout suppressed the exercise-induced cortisol release. In addition, the EAA group showed no significant changes in the serum cortisol concentrations. Unfortunately, they estimated the additional effect of EAA on the CHO diets, and therefore, addition of EAA to the CHO beverage induced more energy intake in comparison to only the CHO or EAA beverage. Therefore, these observations were not compared directly with our present observations. In our present study, the 5 g protein group contained 15 g CHO and 5 g egg white protein, and no significant changes in serum cortisol levels were observed in the 0 g and 5 g protein groups, thus suggesting that serum cortisol levels might also be affected by dietary CHO amounts. In our present study, serum cortisol AUC tended to increase with increased protein intake.
It has been reported that fatigue during and after physical exercise might be related to both central and peripheral factors (7, 32) . During endurance exercise, the plasma ratio of free Trp/BCAA increases, and free Trp is then taken up by the brain, which may be the main factor contributing to central fatigue (7) (8) (9) (10) . Egg white protein contains a relatively high proportion of essential amino acids (11), particularly BCAA. Therefore, when BCAA-rich egg white protein is supplied to runners, it seems likely that their RPE and mental fatigue are reduced.
In our study, the serum free amino acid, EAA, BCAA, and AAA concentrations in the 0 g, 5 g, and 10 g protein groups were significantly higher at Post 0 h than at Pre. The free Trp/BCAA ratio in these groups tended to be lower at Post 0 h than at Pre and the RPE scores were significantly higher at Post 0 h than at Pre. However, no significant difference was observed in the free Trp/BCAA ratio at Post 0 h among four protein groups, indicating that the RPE scores, as a subjective index of central fatigue, were not affected by these dietary protein levels. Based on these results, it seems likely that changes in the serum free amino acids do not correspond with the changes in the RPE score, as well as do not explain the mechanism of the central fatigue theory.
Furthermore, the increased concentrations of serum free amino acid in both the 0 g and 5 g protein groups might be due to muscle protein degradation, because the 3-met-His concentrations at Post 0 h were significantly higher than those at Pre. Bird et al. (31) further examined the influence of a 35 g liquid CHO and 6 g EAA ingestion on myofibrillar protein degradation as assessed by urinary 3-met-His excretion, and reported a negative linear association between the urinary 3-metHis excretion and the serum cortisol AUC in the CHOϩ EAA group, thus suggesting that increased myofibrillar protein degradation might be related to a decreased serum cortisol AUC. These observations corresponded well with our present observations; 3-met-His levels in the 10 g and 20 g protein groups did not change throughout the study periods, but the serum cortisol levels in the 10 g and 20 g protein groups significantly increased at Post 0 h compared to Pre, thus suggesting that the post-exercise increase in the serum cortisol concentrations might suppress the increase in the 3-met-His concentrations. It can also be said that the preexercise intake of Ϲ5 g protein does not inhibit muscle protein degradation, thus resulting in significant increases in the serum free amino acid levels immediately after running; however, intakes of м10 g protein might increase the delivery of free amino acids, thus resulting in increased serum cortisol concentrations and the suppression of muscle protein degradation.
Although they lived together in the same dormitory and had nearly the same high dietary protein intake of 93.3Ϯ2.4 g/d, it may be possible that the lower weights or reduced intake in the 20 g protein group directly affected the changes in the blood biochemistry after running. The limitations of our present study were that the blood sampling was not performed immediately before the running event to obtain more accurate baseline values for all the measured biochemical compo-nents, and that the dietary egg protein levels were fixed in absolute amounts (5 g, 10 g, and 20 g), but not in relative (g/kg BW) amounts for practical use in experiments with athletes whose body weights are sometimes changeable day by day; the amounts themselves may be reasonable in the light of the reference (16, 17) . Therefore, it is uncertain whether the changes in the blood biochemical parameters were induced directly by the increased amount of egg white protein intake or by the 12,000 m practice run. Further studies are thus needed to clarify this possibility.
